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Engineering labs are usually
equipped with various power

supplies, voltmeters, function genera-
tors, and oscilloscopes. One piece of
equipment missing from many such
labs, however, is a current source.
This omission is unfortunate, because
a current source is useful for creating
I-V (current-versus-voltage) curves,
charging and discharging batteries,
preloading power supplies, and many
other applications.

The circuit in Figure 1 is an easy-
to-build, easy-to-use, low-cost current
source. It comprises three sections of
BCD (binary-coded-decimal) switch-
es, a three-terminal adjustable regu-
lator, a handful of 1%-tolerant resis-
tors, and a National Semiconductor
(www.national.com) LM317 three-
terminal adjustable regulator. All
newer National Semiconductor reg-
ulators are of the low-dropout type,
which is unsuitable for this applica-
tion. The switches short their four
outputs to a common terminal based

designideas
even perfect thermostasis of
the sensor doesn’t equate to
adequate stability of the load’s
temperature (Figure 1).

For example, if Z1/Z2 is great-
er than Z3/Z4, where Z is the
impedance, then rising ambi-
ent temperatures will cause the
temperature of the load to rise,
whereas falling ambient tem-
peratures will cool the load.
By contrast, if Z1/Z2 is less than
Z3/Z4, then rising ambient tem-
peratures will cause the tem-
perature of the load to fall and
vice versa (Figure 2). Reduc-
ing the parasitic impedances
with tighter thermal coupling
and better insulation can re-
duce but seldom eliminate the
gradient and magnitude of the error.

The circuit in Figure 1 provides a
different solution: an electronic work-
around to at least partially cancel the
effects of thermal gradients in the im-
pedances. It works by providing an ad-
justable positive- or negative-feedback
path from the TEC-drive level that

couples changes in ambient tempera-
ture and, therefore, in TEC drive into
compensating changes in the thermis-
tor-setpoint temperature. The imple-
mentation in Figure 1 uses a popu-
lar hybrid TEC controller. Two signal
nodes that track TEC drive, COOL_
LIMIT and HEAT_LIMIT, are inputs

to an adjustable bridge circuit
that comprises RT1, RT2, the
potentiometer, and associat-
ed circuitry. With correct ad-
justment of RT1 and RT2, a test
determined that the thermis-
tor setpoint must move either
with or in opposition to ambi-
ent temperature, so that net
stability of the load results. A
version of this concept flew
as part of two tunable-diode
laser spectrometers in the
science package of the 1999
Mars Polar Lander (Refer-
ence 1).EDN
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Programmable current source
requires no power supply
John Guy, National Semiconductor, Santa Clara, CA
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Figure 2 The TEC’s maximum-drive heat- and cool-cur-
rent ratings determine the selection of current-sam-
pling resistors RC and RH.
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Figure 1 This programmable current source uses BCD switches to set the
current limit.
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on the digit setting of the switch.
The circuit operates as follows: As-

sume that the red terminal in Figure
1 connects to a 5V power supply and
that the black terminal connects to
the power supply’s ground. Assume
that the middle digit (labeled 10 to 90
mA) gets set to two and that the other
two digits get set to zero. The BCD
switch connects a 62� resistor from
the LM317’s output to adjust pins.
The LM317 forces 1.25V across the
62� resistor, causing 20 mA to flow
from the output pin through the resis-
tor, and to the black terminal of the

current source. The circuit maintains
this regulation provided that the input
voltage remains 3 to 40V.

To construct the current source, you
should either use a heat sink for the
LM317 or build the circuit into a die-
cast aluminum housing, which acts as
the heat sink. Isolate the LM317 from
the heat sink using a thermally conduc-
tive isolation pad and a shoulder wash-
er. You determine the resistors’ values
by starting with the base-resistance
value, 1.24 k�. Then, simply use par-
allel values to determine the successive
resistors’ values. For example, two 1.24-

k� resistors in parallel yield 620�, four
1.24-k� resistors in parallel yield 310�,
and so on. Using this approach with
¼W resistors ensures that the highest
current resistors do not overheat. For
example, eight 12.4�, ¼W resistors
yield 1.55� resistance and dissipate
only 1W with a peak capability of 2W.

The performance of the circuit is
about 2% accurate. You can achieve
higher accuracy with hand-selected
resistors. The output impedance for
lower currents is more than 1 M� but
drops to approximately 250 k� at 200
mA.EDN

In this Design Idea, the total
time period of an output pulse’s

width is 16 times the pulse
width of the input clock.
The input clock connects
to a binary counter (Fig-
ure 1). The output of the
binary counter then goes
to a decoder. The decoder
scans the signal such that
the first output of the de-
coder goes to an invert-
er gate and then to the
counter. The output of
the counter then goes to
one as soon as the signal
to the counter goes from
zero to one and then from
one to zero.

The multiplexer de-
codes the output pulse
width’s time to be in the
on state. The first output
of the demultiplexer sets
the output of the coun-
ter, and the next outputs
clear the output of the
counter. The multiplex-
er, a 14067, selects the
clearing signal. Upon the
0th input of the multi-
plexer, the PWM (pulse-
width-modulator) out-

put becomes zero because the setting
time and clearing time become nearly

zero. The last input of the multiplex-
er does not connect, so the final input
selection becomes independent of the
PWM output. The design uses all the
intermediate input selections of the
multiplexer.EDN

Pulse-width modulator
has digital control
S Vinay Kumar, Mysore, India
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Figure 1 In this digitally controlled pulse-width modulator, the period of the output is 16 times
the pulse width of the input clock.
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